We analyze a multiserver queue with a discrete autoregressive process of order 1 (DAR (1)) as an input. DAR(1) is a good mathematical model for VBR-coded teleconference traffic.
. Numerical examples support the intuitive fact that the distributions for the system size and the waiting time increase stochastically when either the decay rate of the autocorrelation function of input traffics or the variance of a batch arriving in a slot increases.
2 Discrete autoregressive process of order 1 (DAR (1) 
X(t) = (1 − α(t))X(t − 1) + α(t)B(t), t = 1, 2, 3, · · · ,
where {α(t) : t = 1, 2, 3, · · ·} are i.i.d. Bernoulli random variables with P {α(t) = 0} = β (0 ≤ β < 1) and P {α(t) = 1} = 1 − β, and {α(t) : t = 1, 2, 3 · · ·} is assumed to be independent of {B(t) : t = 0, 1, 2 · · ·}. Note that DAR(1) is determined by parameter β and distribution {b m : m = 0, 1, 2, · · ·} of B(t).
The following properties are known for DAR(1) (see, for example, [5] ).
• {X(t) : t = 0, 1, 2 · · ·} is stationary.
• The probability distribution of X(t) is the same one as the distribution of B(t), i.e., P {X(t) = m} = b m , m = 0, 1, 2, · · · .
• The autocorrelation function r(t) for {X(t)} is given by
Note that the parameter β is related to the decay rate of the autocorrelation function. We analyze the DAR(1)/D/c queue. Let N (t) be the number of packets in the system (we call it system size) immediately before arrivals at the beginning of the tth slot. Then {(N (t), X(t)) :
has M/G/1 type [7] . But, it is not easy to calculate the stationary distribution of {(N (t), X(t)) : 
be the epochs defined by
Let
Note that packet arrivals at and after τ k are independent of the information prior to τ k given J k . • For n = 0, 1, 2, · · · ,
From this, it is observed that
(0, c) with probability
Therefore, the Markov process {(N k , J k ) : k = 0, 1, 2, · · ·} has the M/G/1 type structure (see [7] ) of the one step transition probability matrix P :
where
We assume that the stability condition
is satisfied. Then, by matrix analytic methods in [7] , the limiting probabilities (hence the
are calculated as follows:
2. Find the minimal nonnegative solution G of the matrix equation
For example, G is given by the iteration
3. Find a positive row vector κ satisfying κK = κ.
Set
x n e and e is the c(c+1)-dimensional column vector whose components are all ones.
Now we find the stationary distribution of the Markov process {(N (t), X(t)) : t = 0, 1, 2, · · ·}.
Markov renewal sequence (see p. 479 in [8] ) and By Theorem 4 in Appendix, the limiting probabilities (hence the stationary probabilities)
given by
Observe that
Therefore the numerator of the right hand side of (3) is
Therefore the denominator of the right hand side of (3) is
Observe that (
is the stationary probability vector of the Markov process {J k : k = 0, 1, 2, · · ·} whose transition probability matrix is
By solving the balance equations for the stationary distribution of the Markov process {J
By substituting (5) into (4), we obtain the denominator of the right hand side of (3) as
Thus, we have the following theorem.
Theorem 1 The limiting probabilities (hence the stationary probabilities)
Now we find the stationary distribution of the waiting time of a packet. Let W denote the waiting time of an arbitrary packet at steady state. Then for w = 0, 1, 2, · · ·,
= Mean number of arrivals in a slot at steady state whose waiting time is w Mean number of arrivals in a slot .
Suppose that there are n packets immediately before arrivals at the beginning of the tth slot and that the number of packet arrivals is j at the beginning of the tth slot, i. 
Since the mean number of arrivals in a slot is λ, the following theorem is obtained from (6). 
Theorem 2 The distribution of the waiting time W of an arbitrary packet is given by
P (W = w) = 1 λ   cw n=0 ∞ j=cw−n+1 p nj min{n+j −cw, c} + c(w+1)−1 n=cw+1 ∞ j=1 p nj min{c(w+1)−n, j}   , w = 0, 1, 2, · · · .
Numerical Examples
It is shown that the stationary distribution of VBR-coded video teleconference traffics is a negative binomial distribution [1, 2, 3] . For numerical examples, we choose negative binomial distributions as the stationary distribution of DAR(1), i.e.,
Here mean and variance of the negative binomial distribution are m × 
Conclusions
In the paper, we analyze a multiserver queue fed by a DAR(1) input which is a good mathematical model for a multiserver ATM multiplexer with VBR-coded teleconferece traffic input.
Based on matrix analytic methods and the theory of Markov regenerative processes, we obtain the stationary distributions of the system size and the waiting time of an arbitrary packet. Numerical examples show that the distributions for the system size and the waiting time increase stochastically when either the decay rate β of the autocorrelation function of input traffics or the variance of a batch arriving in a slot increases. The following is a limit theorem for discrete time Markov regenerative processes, which is proved by similar procedure as its continuous counterpart. See p.527 in [8] for the continuous counterpart. 
